Hyperon-nucleon coupling from QCD sum rules 
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The NKY coupling constant for Y — A and E is evaluated in a QCD sum rule calculation. We discuss and 
extend the result of a previous analysis in the ^175 structure and compare it with the result obtained with the 
use of the 75cr M „ structure. We find a huge violation of the SU(3) symmetry in the 75<7 M „ structure. 



In understanding the dynamics of kaon-nucleon 
scattering or the strangeness content of the nu- 
cleon using hadronic models, it is important to 
know the hadronic coupling constants involving 
the kaons. Among them, gNKA and gNK's are 
the most relevant coupling constants. To deter- 
mine these couplings using the QCD sum rules 
(U one can follow two different approaches: a) 
the two-point function, where the nucleon and hy- 
peron fields are sandwiched between the vaccum 
and kaon states, or b) the three-point function 
where three interpolating fields are sandwiched 
between vacuum states. 

In the case of the pion-nucleon coupling con- 
stant, in a pioneer calculation Q both approaches 
showed to reproduce the phenomenological value 
fairly well. However, in this first study the con- 
tinuum contribution was neglected and since then 
many calculations were done including higher 
order terms in the operator product expansion 
(OPE) and the continuum contribution ||, go- 
ing beyond the soft-pion limit and including also 
pole-continuum transitions 0]. 

For the nucleon-kaon-hyperon coupling con- 
stant there are also QCD sum rules calculations 
based on the two- and three-point functions || Q . 
The advantages of the three-point function calcu- 
lation is that it allows for the calculation of the 
form factors at the hadronic vertices. 

In the strange sector, the nucleon-kaon- 
hyperon form factors are used, for instance, to 
evaluate the strange radius of the nucleon using 



the kaon cloud [g| and, therefore, a theoretically 
founded evaluation of these form factors is well- 
come. 

We will calculate the g^KY coupling constant 
using the three-point function 

A(p,p',q) = J d A xd A y e ip ' x e- igy 

x (0\T{ VY (x)j 5 (y)fj N (0)}\0) (1) 

where j'5 = sij^u. 

As it is well known from two-point sum rules for 
baryons, there is a continuum of choices for the 
baryon interpolating fields. Of course the results 
should be independent of the choice of the cur- 
rent, if we considered an infinity number of terms 
in the OPE and if we had a perfect model for the 
continuum contribution in the phenomenological 
side. However, the OPE has to be truncated and 
we work with a very simple model for the con- 
tinuum contribution. Therefore, the results do 
depend on the choice of the currents. For the 
proton A and £ we can write general currents as 
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r/p = 2e abc [{UaCd b )j 5 u c + b(u^Cj 5 d b )u c ] , (2) 
T] Y = 2[j7y- 1 + briY 2 ] , (3) 
where 6 is a parameter and 

?7Ai = —j=Eabc[2{UaCd b )"/ 5 S c + (u^Csb^dc 
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VSi = —^SabcKUaCsb^dc + (d^Csb)j5U c ] , (6) 

??s 2 = -^=e a bc[(ulCj 5 s b )d c + (dlCj 5 s b )u c ] . (7) 

In ref. it was shown that the best interpolating 
fields for mass sum rules have b = —1/5. How- 
ever, to be able to compare our results with pre- 
vious calculations we will use b = — 1. 

In the phenomenological side the matrix ele- 
ment of the pseudoscalar current between the hy- 
peron and nucleon states defines the pseudoscalar 
form-factor 



(Y(p')\j 5 \N(p)) = gp(q 2 )u(p')i l5 u(p) , 



(8) 



where u(p) is a Dirac spinor and gp(q 2 ) is related 
to gNDY through the relation (|] 
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where ttik and fx are the kaon mass and de- 
cay constant and m q is the average of the quark 
masses: (m u +m s )/2. 

Saturating the correlation function Eq. ([!]) with 
Y and N intermediate states, and using Eq. (^)we 
get 

A^(p,p>,q) = AvA,"^" ! /V; °; 
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where Ay and Ajv are the couplings of the currents 
with the respective hadronic states. 

In. Eq. ([n]) we clearly see four distinct Dirac 
structures. In principle, any of these structures 
can be used to calculate gNKY and the sum rules 
should yield similar results. However, each sum 
rule may have uncertainties due to the trunca- 
tion of the OPE side and different contributions 



from the continuum. Therefore, depending on 
the Dirac structure we can obtain different re- 
sults due to these uncertainties. The traditional 
way to control these uncertainties, and to check 
the reability of the sum rule, is to choose an ap- 
propriate Borel window. 

In a recent evaluation of the pion-nucleon cou- 
pling constant jl(| it was pointed out that the 
structure 75C All/ g At p^ gives a better result since it 
gets a smaller contribution from the single pole 
term coming from N — > N* transition and it is 
also independent of the effective model employed 
in the phenomenological side. Therefore, we will 
write a sum rule for the '^q^p'^ structure. As 
we are interested in the value of the coupling con- 
stant at q 2 = 0, we will make a Borel transform 
to both p 2 — p' 2 — > A/ 2 . In Eq. ( |l0| ) higher res- 
onances refers to pole-continuum transitions as 
well as pure continuum contribution. The pure 
continuum contribution will be taken into account 
as usual through the standard form of ref. jll} . 

In the OPE side only even dimension operators 
contribute to the o^^q^p'^ structure, since the 
dimension of Eq.(|l|) is four and q^p' v take away 
two dimensions. We will neglect m 2 K and m 2 in 
the denominators and, consequently, only terms 
proportional to l/q 2 will contribute to the sum 
rule. We will consider diagrams up to dimension 
six. 

To evaluate the continuum contribution wc 
write a double dispersion relation for the invariant 
function corresponding to the o^^q^p^ struc- 
ture: 



F(P 2 ,P' 2 ,Q 2 ) = J dsds' 



p(s,s',Q 2 ) 



(s + P 2 )(s> + P' 2 ) 
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The function p(s, s', Q 2 ) (which is proportional 
to the double discontinuity of F) can generally be 
written as 

p(s, s', Q 2 ) = a(Q 2 )5{s - M^)S(s' - M Y ) + 
b(s', Q 2 )S(s - M 2 N ) + c(s, Q 2 )S{s' - My) + 



p OPE ( s , s ',Q 2 )0( s - Sjv )0( s '- Sy ) 



(12) 



where the last term is the tradicional way of tak- 
ing into account the pure continuum contribution 
with sn and sy being the continuum thresholds 
for the nucleon and hyperon respectively. The 



first term in Eq. (|L2|) gives the double pole con- 
tribution and the second and third terms corre- 
spond to single pole contributions coming from 
pole-continuum transitions. In ref. jl2| it was 
shown that single pole contributions are not sup- 
pressed by the Borel transformation and give rise 
to terms proportional to M 2 . Therefore, to take 
into account the single pole term in the Borel 
tranformcd sum rule we make the substitution: 
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where A is an unknown parameter. The sum rules 
we get for g NK A and g N KY, are [§ 
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where a = -(2?r) 2 (gg) ~ 0.5 GeV 3 , 7 = 
(ss)/(qq) ~ 0.8 and Xb = {2tt) 2 Xb- In the above 
expressions Eq = 1 — eT SY l M , and this factor 
in Eqs. (O) and (|l5|) accounts for the continuum 
contribution. The parameters A and B denotes 
the contribution from the unknown single pole 
term coming from N — > N* transition. 

In this calculation the continuum thresholds 
are chosen to be sy — (M Y + 0.5) 2 GeV 2 . 
The hadron masses are Mm = 0.938 GeV, 
M A = 1.150 GeV, M s = 1.189 GeV and m K = 
0.495 GeV. The strange quark mass is taken to 
be m s = 150 MeV and the kaon decay con- 
160 A/r „^ ~ 113 MeV . The relevant 

Mjy + Ma and we anal- 



stant is f K = ^ MeV 
Borel mass here is M 



yse the sum rule in the interval 0.8 < M 2 < 1.6 
GeV 2 where the continuum contribution is always 
smaller than 50% of the total OPE. 



In Figs. 1 and 2 we show the RHS of Eqs. (jl4|) 
and ( |l5| ) as a function of the Borel mass squared 
(thick solid line). We show the results in a 



10.0 



< 6.0 




Figure 1. gNKA as a function of the squared Borel 
mass M 2 for the 750-^ structure (solid line) and for 
the ^75 structure with (dashed line) and without (dot- 
dashed line) continuum contibutions. The thick lines 
are obtained using the continuum thresholds given 
by: s A = (Ma + 0.5) 2 GeV 2 , while for the thin lines 
lines we used s A = (M A + 0.7) 2 GeV 2 . 



broader Borel range than discussed above to show 
that our conclusions are not very constrained by 
the Borel window used. To check the sensitiv- 
ity of our result on the continuum contribution, 
we have increased the continuun thresholds as: 
s Y = (M Y + 0.7) 2 GeV 2 and plotted the corre- 
sponding result as the thin line in the same fig- 
ures. As a first sign it seems that the result is 
very sensitive to the continuum thresholds. How- 
ever, as the value of the coupling constant is ob- 
tained by the extrapolation of the line to M 2 = 0, 
we imediately see that both curves lead to ap- 
proximately the same result. Indeed, fitting the 
QCDSR result to a straight line we get 

\ 9N ka\ = 2.4 ± 0.1 ; \g NK v\ = 0.03 ± 0.02 , 

where the errors were estimated by using the two 
different thresholds. The values of A and B are 
very small showing that the single pole contri- 
bution is not very important in this structure, 
in agreement with the results in rcf . Jl0[] . The 
results obtained in || are : \gNKA\ = 6.96 




Figure 2. Same as Fig. 1 for gjvxs- 



the single pole contribution to this structure is 
very strong, as can be seen by the dashed lines 
in Figs. 2 and 3. On the other hand, we may 
say that the results on the structure 

75 a {iv anal- 
ysed here, are not contaminated by the single pole 
transitions and its extraction with the method 
used here is more reliable. 

As a final remark we note that the values for the 
coupling constants obtained here in both struc- 
tures considered, are not in agreement with the 
exact SU(3) symmetry. In this limit one gets 
H \9nka/ 9nkt,\ = 3.55. Therefore, our results 
show a huge breaking of SU(3) symmetry. One 
important question is if this breaking of the SU(3) 
symmetry is related with the particular choice of 
the interpolating fields. Work in this direction is 
in progress [Ol. 



and I^tvkeI = 1.05. However, the results in 
ref. |^] were obtained without considering contin- 
uum contribution and they are shown as the dot- 
dashed lines in Figs. 1 and 2. Once the contin- 
uum contribution is included, through the usual 
Ei factors, the behaviour of the sum rule as a 
function of the Borel mass changes drastically, as 
can be seen by the dashed line in Figs. 1 and 2. 
In particular, both gNKA and gNKT. become ap- 
proximately linear functions of M 2 , showing the 
importance of the pole-continuum contribution in 
this structure. 

Fitting the RHS of the sum rule results on the 
structure ^75 JBj (including the continuum con- 
tribution) to a straight line one gets 

\9nka\ = 1-5 ± 0.3 ; \g NK z\ = 0.25 ± 0.05 , 

where the errors are again evaluated by consider- 
ing the two different continuum thresholds. 

As in ref. 1 10 we find out that we can obtain 
very different results for the coupling constants 
depending on the structure considered. Of course 
the procedure used here to extract the coupling 
constant (fitting the QCDSR result to a straight 
line in a given Borel window and extrapolating it 
to M 2 = 0) is more reliable when the single pole 
term is small. Therefore, the results obtained for 
the structure ^75 may contain big errors since 
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